














ABSTRACT	Acetylcholinesterase	 (AChE)	 is	 an	 enzyme	 found	 in	 the	 central	 nervous	 system	 that	 is	responsible	for	hydrolyzing	acetylcholine	into	choline	and	acetic	acid.		Organophosphorus	compounds	(OPs)	like	tabun	and	sarin	are	used	as	pesticides	and	chemical	warfare	agents.	These	 OPs	 covalently	 bond	 to	 the	 oxygen	 in	 the	 Serine-203	 residue	 in	 the	 active	 site	 of	AChE	 resulting	 in	 inhibition	 of	 the	 enzyme.	 	 There	 are	 known	 therapeutics,	 pyridinium	oximes,	that	can	reverse	this	inhibition	and	reactivate	the	AChE	if	administered	within	the	aging	 time	 frame.	 	 If	 left	 untreated,	 AChE	 complex	 will	 undergo	 an	 irreversible	 process	where	 the	 oxygen	 attached	 to	 the	 phosphorus	 loses	 its	 alkyl	 group.	 	 This	 highly	 stable	inhibited	 enzyme	 is	 said	 to	 be	 “aged,”	 and	 does	 not	 respond	 to	 the	 pyridinium	 oximes.		There	are	currently	no	pharmaceuticals	to	reverse	this	aging	process.		Without	functioning	AChE,	 acetylcholine	 builds	 up	 and	 can	 lead	 to	 serious	 adverse	 health	 effects	 such	 as	vomiting,	paralysis,	and	eventual	death	by	respiratory	failure.		The	aging	process	can	vary	from	minutes	to	hours	depending	on	the	toxicity	of	the	specific	OP.	 	Our	research	focuses	on	synthesizing	a	small	organic	compound	that	can	re-alkylate	the	aged	enzyme.		Quinone	methide	precursors	(QMPs)	are	of	interest	because	they	are	similar	to	other	molecules	that	bind	to	the	active	site	of	AChE.	QMPs	have	previously	been	shown	to	act	as	electrophiles	for	alkylations	in	biological	systems.		The	use	of	computational	modeling	has	helped	us	design	the	 QMPs	 to	 be	 synthesized.	 	 The	 synthesis	 and	 initial	 kinetic	 testing	 of	 electron	withdrawing	re-alkylators	will	be	discussed.			
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1.	Introduction			 Organophoshorus	 compounds	 (OPs)	 are	 used	 as	 pesticides	 and	 chemical	 warfare	agents	 and	 remain	 a	 great	 concern.	 	 Chemical	warfare	 agents	 are	 defined	 as	 compounds	that	 can	 generate	 a	 toxic	 effect	 through	 vesicant,	 poisonous,	 or	 asphyxiating	 gases.	 	 In	contrast,	biological	warfare	utilizes	microorganisms	to	cause	disease	in	plants	and	animals.		The	use	of	chemical	warfare	agents	can	be	traced	back	to	1,000	B.C.	The	Chinese	used	gases	that	 contained	 arsenic	 and	 the	 Greeks	 would	 poison	 the	 water	 of	 their	 enemies	 with	chemical	compounds.		Modern	chemical	warfare	began	in	World	War	I,	where	the	German	forces	utilized	chlorine	gas	against	the	Allies.	 	British	and	French	troops	fought	back	with	other	 poisonous	 gases	 like	 phosgene,	 diphosgene,	 hydrogen	 cyanide,	 cyanogen	 chloride	and	mustard	gas.1		 Gerhard	Schrader	first	developed	organic	phosphorus	nerve	agents	while	trying	to	synthesize	pesticides.		He	synthesized	a	large	quantity	of	the	compounds.		Germany	altered	Schrader’s	 research	 from	 pesticides	 to	 chemical	 warfare	 agents	 once	 the	 toxicity	 of	 the	compounds	were	known.		He	later	synthesized	the	“G	agents,”	which	are	tabun,	sarin,	and	soman	 (Figure	 1.1).	 	 The	 Germans	 continued	 to	 synthesize	 the	 organophosphorus	compounds.	 	After	 the	Allies	won	Word	War	 II,	Russian	 troops	 found	about	1200	 tons	of	tabun,	 600	 tons	 of	 sarin,	 and	 an	 unknown	 amount	 of	 soman	 at	 a	 nerve	 gas	 factory	 in	Dührernfurth.	 	 The	 Germans	 did	 not	 utilize	 the	 OP	 nerve	 agents	 against	 the	 allies.	 	 The	reason	is	unclear,	but	people	speculate	that	the	Germans	thought	that	the	allies	had	more	dangerous	chemical	warfare	agents	that	they	could	use	in	defense.	 	After	the	discovery	of	the	 German	 stockpiles,	 the	 United	 States	 and	 Britain	 started	 to	 synthesize	 their	 own	
		 2	
chemical	nerve	agents.2	The	British	developed	the	“V	series”	which	were	more	stable	than	the	German’s	“G	series.3			
 Although	the	nerve	agents	were	not	utilized	in	World	War	II,	they	have	been	used	in	other	conflicts.	 	 In	the	1980	Iran-Iraq	War,	 the	Iraqis	used	an	OP	nerve	agent	against	 the	Iranians	 in	 the	 battlefield.	 	 They	 also	 deployed	 the	 nerve	 agent	 on	 the	 Kurdish	 civilian	population	of	Halabja.		This	attack	killed	about	5,000	people.4		A	Japanese	cult	used	sarin	in	their	 attacks	 in	Matsumoto	 city	 in	1994	and	again	 in	 the	Tokyo	 subway	 system	 in	1995.		This	caused	5,500	injuries	and	12	deaths.		Nerve	agents	were	used	as	an	act	of	terrorism	in	these	two	events.5		More	recently,	the	Syrians	deployed	the	toxic	nerve	agents	against	their	own	people	in	the	2013	Syrian	civil	war.6	 	Today	it	is	estimated	that	3	million	people	still	come	into	contact	with	OP	compounds	each	year,	which	results	in	around	300,000	deaths.7	
 		
	















































nervous	system	that	is	responsible	for	regulating	acetylcholine	(ACh)	by	hydrolyzing	it	into	choline	 and	 acetic	 acid	 via	 a	 catalytic	 triad	 of	 glutamate,	 serine,	 and	 histidine	 residues.	(Scheme	1.1)8		After	exposure,	the	OP	covalently	bonds	to	the	serine	residue,	which	inhibits	the	enzyme	and	results	in	an	accumulation	of	acetylcholine	in	the	neurosynaptic	junctions.9		An	 excess	 of	 acetylcholine	 can	 lead	 to	 multiple	 adverse	 affects	 like	 muscle	 twitching,	reduced	 vision,	 paralysis,	 vomiting,	 and	 convulsions.	 	 Ultimately,	 death	 by	 respiratory	failure	occurs,	and	can	be	immediate	if	the	concentration	of	the	nerve	agent	is	high.3	
	


















































































Modica	et	al.	conducted	a	study	that	determined	that	QMs	had	the	ability	to	alkylate	various	 nucleophiles	 like	 amino	 acids,	 thiols,	 and	water.	 	 The	QM	was	 generated	 from	 a	quinone	methide	precursor	(QMP)	by	thermal	or	photochemical	means.		The	QMP	is	shown	as	a	benzyl	ammonium	salt	that	loses	the	amine	leaving	group	to	form	the	high	energy	QM.		The	 formation	 of	 QMs	 and	 their	 reactivity	 with	 a	 nucleophile	 were	 studied	 under	physiological	conditions	via	thermal	and	photochemical	methods	(Scheme	1.2).15		
 
NucH	is	H2O,	amines,	thiols,	Gly,	Ser,	Lys,	Tyr,	Cys,	and	Glutathione	
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2.	SYNTHESIS	
2.1	 Synthesis	of	Fluorobenzyl	and	α ,α ,α-trifluoromethylbenzyl	re-alkylators		
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Scheme	2.3:	SN1	and	SN2	pathway	of	a	general	QMP	with	a	nucleophile		In	 the	 presence	 of	 a	 nucleophile,	 the	QMP	will	 either	 follow	 a	 SN1	 or	 SN2	pathway	(Scheme	 2.3)	 to	 react	 with	 the	 negatively	 charged	 nucleophile.	 	 In	 the	 SN1	 pathway,	 the	amime	salt	leaves	forming	a	highly	reactive	QM.		The	nucleophile	attacks	the	electrophilic	carbon	of	the	QM.	In	the	SN2pathway,	the	nucleophile	attacks	the	benzylic	carbon	and	then	the	 amine	 leaving	 group	 leaves	 in	 a	 concerted	mechanism.	 	Both	pathways	 end	with	 the	same	 compound	 in	 the	 end.	 	 The	 SN2	 pathway	 is	 the	 pathway	 that	 would	 occur	 with	flourobenzyl	 compounds	 since	 there	 is	 not	 a	 phenol	 group	 present	 on	 the	 ring.	 	 The	fluorobenzyl	compounds	do	not	have	the	ability	to	convert	into	a	QM,	but	could	still	follow	the	SN2pathway	and	re-alkylate	the	aged	acetylcholinesterase	(nucleophile).	 	The	electron	withdrawing	groups	should	increase	the	electrophilicty	of	the	benzylic	carbon.	
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	 Amine	 Compound	Number	 Relative	Activity	(%)		 Morpholine	 2.2	 0.55		 Piperidine	 2.4	 0.56		 Pyrrolidine	 2.6	 0.61		
Table	2.2:	Relative	activity	of	AChE	and	the	4-fluorobenzyl	protonated	alkylators				 Amine	 Compound	Number	 Relative	Activity	(%)		 Morpholine	 2.17	 0.51		 Piperidine	 2.19	 0.45		 Pyrrolidine	 2.21	 0.53		


















alkylators	seemed	to	have	a	higher	percent	of	activity	of	the	enzyme	compared	to	the	other	two	families.	The	α ,α ,α-trifluoromethyl-benzyl	protonated	alkylators	had	the	lowest	percent	of	activity	of	the	enzyme	compared	to	the	other	two	families.	When	the	amine	leaving	group	was	pyrrolidine,	the	relative	activity	of	the	enzyme	was	increased	for		α ,α ,α-trifluoromethyl-benzyl	and	4-fluorobenzyl.		
	





















































Table	2.5:	Relative	activity	of	AChE	and	the	4-fluorobenzyl	methylated	alkylators.				 Amine		 Compound	Number	 Relative	Activity	(%)		 Morpholine		 2.24	 0.28		 Dimethyl	 2.25	 0.26	
	
Table	2.6	Table	2.3:	Relative	activity	of	AChE	and	the	α ,α ,α-trifluoromethyl-benzyl	methylated	alkylators.		












2.3	 	General.	The	solvents	used	in	this	experiment	were	not	purified	any	further.	All	the	reactions	were	 carried	 out	 at	 standard	 atmospheric	 pressure	 and	monitored	 via	 TLC	 on	silica	gel	60	F254	(0.25	mm,	E.Merck).	The	compounds	were	detected	with	a	UV	lamp.	The	final	 products	 were	 characterized	 using	 1H	 NMR	 and	 13C	 NMR.	 1H	 NMR	 spectra	 were	recorded	 at	 400MHz	 and	 referenced	 to	 4.87	 for	D2O.	 13C	NMR	 spectra	were	 recorded	 at	100.6	MHz	and	referenced	to	49	for	CD3OD.		
	
2.4		 General	Procedure	for	Protonation	Reactions.		
Part	 1:	 A	 suspension	 of	 amine	 (1.5	 equiv.)	 and	 methanol	 (20	 mL)	 was	 stirred	 while	hydrochloric	acid	(0.35	mL)	was	added	drop-wise	over	3	min.	The	aldehyde	(1	equiv.)	and	sodium	 cyanoborohydride	 (1.1	 equiv.)	was	 added	 and	 reacted	 at	 80	°C	 for	 2	 h.	 Distilled	water	 (30	 mL)	 was	 added	 to	 the	 reaction	 mixture.	 The	 mixture	 was	 extracted	 with	dichloromethane	(3x40	mL).	The	organic	 layer	was	separated,	dried	with	sodium	sulfate,	and	evaporated	under	reduced	pressure	to	yield	a	crude	neutral	amine	product	as	an	oil.	The	neutral	amine	product	was	used	in	the	next	step	without	purification.		
Part	2:	A	portion	of	crude	oil	was	dissolved	in	toluene	(7.5	mL)	and	hydrochloric	acid	in	methanol	(2	M,	1	mL)	was	added.	The	reaction	was	stirred	for	1	h	at	23	°C.	The	suspension	was	 evaporated	 under	 reduced	 pressure.	 The	 remaining	 solid	 was	 triturated	 with	acetone/petroleum	ether	(20	mL,	1:1	ratio)	to	yield	the	protonated	amine	as	a	white	solid.		
	
2.5		 General	Procedure	for	Alkylation	Reactions.		
Part	 1:	 A	 suspension	 of	 amine	 (1.5	 equiv.)	 and	 methanol	 (20	 mL)	 was	 stirred	 while	hydrochloric	acid	(0.35	mL)	was	added	drop-wise	over	3	min.	The	aldehyde	(1	equiv.)	and	
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General	 procedure	 2.4	 was	 followed.	 Morpholine	 (0.5264	 g,	 6.043	 mmol,	 0.52	 mL)	reacted	 with	 4-fluorobenzaldehyde	 (0.5	 g,	 4.029	 mmol,	 0.43	 mL)	 and	 sodium	cyanoborohydride	(0.2785	g,	4.43	mmol)	to	yield	2.1	as	a	light	yellow	oil.	A	portion	of	2.1	(0.9257	g,	4.741	mmol)	was	protonated	to	yield	2.2	as	a	white	solid	(0.5554	g,	60%).		(2.2):	






















General	procedure	2.4	was	followed.	Piperidine	(0.5146	g,	6.043	mmol,	0.60	mL)	reacted	with	 4-fluorobenzaldehyde	 (0.5	 g,	 4.029	mmol,	 0.43	mL)	 and	 sodium	 cyanoborohydride	(0.2785	g,	4.43	mmol)	to	yield	2.3	as	a	yellow	oil.	A	portion	of	2.3	(0.7829	g,	4.051	mmol)	was	protonated	 to	 yield	2.4	 as	 a	white	 solid	 (0.4746	 g,	 51%).	 (2.4):	 1H	NMR	 (400	MHz,	CD3OD,	δH)	7.28-7.60	(m,	2H),	7.26-7.18	(m,	2H),	4.32	(s,	2H),	3.35-2.94	(m,	4H),	1.94-1.59	(m,	7H);	 13C	NMR	 (100.6	MHz,	CD3OD,	δC)	 166.29,	 163.82,	 134.89,	 126.63,	 117.16,	 60.75,	53.86,	45.74,	23.69,	23.05.		
	
Scheme	2.8:	Reductive	amination	between	pyrrolidine	and	4-fluorobenzaldehyde	followed	by	protonation.	


































(m,	4H);	 13C	NMR	 (100.6	MHz,	CD3OD,	δC)	 166.17,	 163.71,	 133.96,	 128.29,	 117.23,	 58.28,	54.69,	23.81.		
	
Scheme	2.9:	Reductive	amination	between	diethylamine	and	4-fluorobenzaldehyde	followed	by	protonation.	

















































































General	 Procedure	 2.5	 was	 followed.	 Piperidine	 (1.544	 g,	 18.13	 mmol,	 1.8	 mL)	 was	reacted	 with	 4-fluorobenzaldehyde	 (1.5	 g,	 12.09	 mmol,	 1.3	 mL)	 and	 sodium	cyanoborohydride	 (0.8357	 g,	 13.3	 mmol)	 to	 yield	 2.3	 as	 a	 yellow	 oil.	 A	 portion	 of	 2.3	(0.9122	g,	4.72	mmol)	reacted	with	methyl	iodide	(2.010	g,	14.20	mmol,	0.88	mL)	to	yield	
2.12	as	a	white	solid	(0.4580	g,	29%).	(2.12):	1H	NMR	(400	MHz,	CD3OD,	δH)	8.70-8.63	(m,	2H),	8.33-8.27	(m,	2H),	5.63	(s,	2H),	3.18	(s,	13H),	3.03	(s,	3H),	2.07-1.99	(m,	4H),	1.99-1.92	(m,	 10H),	 1.77-1.66	 (m,	 6H);	 13C	 NMR	 (100.6	 MHz,	 CD3OD,	δC)	 166.70,	 164.21,	 136.71,	124.69,	117.27,	68.11,	64.03,	52.56,	47.23,	21.28.	Contaminated	with	a	piperidine-CH3I	salt.		
	
Scheme	2.13:	Reductive	amination	between	pyrrolidine	and	4-fluorobenzaldehyde	followed	by	alkylation.	
General	 Procedure	 2.5	 was	 followed.	 Pyrrolidine	 (1.289	 g,	 18.13	 mmol,	 1.5	 mL)	 was	reacted	 with	 4-fluorobenzaldehyde	 (1.5	 g,	 12.09	 mmol,	 1.3	 mL)	 and	 sodium	cyanoborohydride	(0.8357	g,	13.3	mmol)	to	yield	2.5	as	a	yellow	oil.	A	portion	of	2.5	(0.84	g,	4.69	mmol)	reacted	with	methyl	iodide	(1.996	g,	14.05	mmol,	0.88	mL)	to	yield	2.13	as	a	white	solid	(0.8468	g,	56%).	(2.13):	1H	NMR	(400	MHz,	CD3OD,	δH)	7.77-7.65	(m,	2H),	7.35-7.26	(m,	2H)4.74-4.60	(m,	2H),	3.81-3.46	(m,	4H),	3.09-3.01	(m,	3H),	2.43-2.24	(br	s,	4H);	





























































General	 Procedure	 2.4	was	 followed.	Morpholine	(0.3753	g,	4.308	mmol,	0.37	mL)	was	reacted	with	 4-(trifluoromethyl)benzaldehyde	 (0.5	 g,	 2.872	mmol,	 0.39	mL)	 and	 sodium	cyanoborohydride	 (0.1985	g,	3.16	mmol)	 to	yield	2.16	 as	a	yellow	oil.	A	portion	of	2.16	(0.7066	g,	2.881)	was	protonated	to	yield	2.17	as	a	white	solid	(0.2922	g,	36%).	(2.18):	1H	NMR	(400	MHz,	CD3OD,	δH)	7.89-7.80	(m,	4H),	4.52	(s,	2H),	4.15-3.80	(m,	4H),	3.48-3.21	(m,	4H);	13C	NMR	(100.6	MHz,	CD3OD,	δC)	134.11,	133.46,	127.13,	126.62,	123.92,	64.85,	60.98,	53.05.			
	
Scheme	2.17:	Reductive	amination	between	piperidine	and	4-(trifluoromethyl)benzaldehyde	followed	by	protonation.	


































cyanoborohydride	 (0.5570	g,	8.86	mmol)	 to	yield	2.18	 as	a	yellow	oil.	A	portion	of	2.18	(0.69	g,	2.47	mmol)	was	protonated	to	yield	2.19	as	a	white	solid	(0.2632	g,	33%).		(2.19):	
1H	NMR	(400	MHz,	CD3OD,	δH)	7.86-7.74	(m,	4H),	4.47	(s,	2H),	3.54-3.26	(d,	2H),	3.081	(t,	2H),	 2.025-1.81	 (m,	 8H),	 1.78-1.70	 (m,	 2H);	 13C	 NMR	 (100.6	 MHz,	 CD3OD,	δC)	 134.79,	133.37,	 127.07,	 60.73,	 54.18,	 45.74,	 24.01,	 23.71,	 23.05,	 22.62.	 Contaminated	 with	 a	piperidine-HCl	salt.	
	
Scheme	2.18:	Reductive	amination	between	pyrrolidine	and	4-(trifluoromethyl)benzaldehyde	followed	by	protonation.	
General	 Procedure	 2.4	was	 followed.	Pyrrolidine	 (0.6127	g,	8.615	mmol,	0.72	mL)	was	reacted	with	 4-(trifluoromethyl)benzaldehyde	 (1.0	 g,	 5.743	mmol,	 0.78	mL)	 and	 sodium	cyanoborohydride	 (0.5570	g,	8.86	mmol)	 to	yield	2.20	 as	a	yellow	oil.	A	portion	of	2.20	(0.59	g,	2.574	mmol)	was	protonated	to	yield	2.21	as	a	white	solid	(0.5375	g,	79%).	(2.21):		

































General	Procedure	2.4	was	followed.	Dimethylamine	(40%	0.388	g,	8.615	mmol,	0.97	mL)	was	 reacted	 with	 4-(trifluoromethyl)benzaldehyde	 (1.0	 g,	 5.743	 mmol,	 0.78	 mL)	 and	sodium	 cyanoborohydride	 (0.5570	 g,	 8.86	 mmol)	 to	 yield	 2.22	 as	 a	 light	 yellow	 oil.	 A	portion	of	2.22	(0.97	g,	4.773	mmol)	was	protonated	to	yield	2.23	as	a	white	solid	(0.1269	g,	11%).	(2.23):	1H	NMR	(400	MHz,	CD3OD,	δH)	7.86-7.75	(m,	4H),	4.45	(s,	2H),	2.90	(s,	6H);	
13C	 NMR	 (100.6	MHz,	 CD3OD,	δC)	 135.43,	 133.33,	 132.84,	 127.30,	 126.62,	 123.92,	 61.34,	43.22.		
	
Scheme	2.20:	Reductive	amination	between	morpholine	and	4-(trifluoromethyl)benzaldehyde	followed	by	alkylation.	






























































General	 Procedure	 2.4	was	 followed.	 Piperidine	 (1.03	 g,	 12.09	mmol,	 1.2	mL)	 reacted	with	 3-fluorobenzaldehyde	 (1.0	 g,	 8.057	mmol,	 0.85	mL)	 and	 sodium	 cyanoborohydride	(0.557	g,	 8.86	mmol)	 to	 yield	2.28	 as	 a	dark	yellow	oil.	A	portion	of	2.28	 (0.68	g,	 3.518	mmol)	was	protonated	to	yield	2.29	as	a	white	solid	(0.2417	g,	30%).	(2.29):	1H	NMR	(400	MHz,	CD3OD,	δH)	7.56-7.49	(m,	1H),	7.47-7.41	(m,	2H),	7.29-7.22	(m,	1H),	4.36	(s,	2H),	3.50-2.96	 (m,	 4H),	 1.99-1.89	 (m,	 2H),	 1.76-1.67	 (m,	 2H);	 13C	 NMR	 (100.6	 MHz,	 CD3OD,	δC)	165.45,	163.00,	132.94,	132.21,	128.50,	119.38,	119.16,	118.04,	117.83,	60.79,	54.04,	24.00,	23.68,	23.05,	22.67.			
	
Scheme	2.24:	Reductive	amination	between	pyrrolidine	and	3-fluorobenzaldehyde	followed	by	protonation.	


































(2.31):	 1H	NMR	(400	MHz,	CD3OD,	δH)	7.48-7.35	(m,	3H),	7.19-7.11	(m,	1H),	4.38	(s,	2H),	3.36-3.26	 (m,	 4H),	 2.11-1.99	 (m,	 4H);	 13C	 NMR	 (100.6	 MHz,	 CD3OD,	δC)	 165.44,	 163.00,	134.78,	132.26,	127.50,	118.46,	118.24,	117.77,	117.56,	58.42,	54.86,	52.49,	46.55,	25.02,	23.88,	19.14.		
	
Scheme	2.25:	Reductive	amination	between	diethylamine	and	3-fluorobenzaldehyde	followed	by	protonation.	
































General	 Procedure	 2.4	was	 followed.	 Dimethylamine	 (2M,	 12.09	mmol,	 6	mL)	 reacted	with	 3-fluorobenzaldehyde	 (1.0	 g,	 8.057	mmol,	 0.85	mL)	 and	 sodium	 cyanoborohydride	(0.557	g,	8.86	mmol)	to	yield	2.34	as	a	yellow	oil.	A	portion	of	2.34	 (0.47	g,	3.068	mmol)	was	protonated	to	yield	2.35	as	a	white	solid	(0.3187	g,	55%).	(2.35):	1H	NMR	(400	MHz,	CD3OD,	δH)	7.60-7.53	 (m,	1H),	7.48-7.43	 (m,	2H),	7.32-7.25	 (m,	1H),	4.44	 (s,	2H),	2.93	 (s,	6H);	 13C	 NMR	 (100.6	 MHz,	 CD3OD,	δC)	 165.47,	 163.02,	 133.50,	 132.37,	 128.06,	 118.98,	118.75,	118.15,	117.94,	61.27,	43.08.		
	
Scheme	2.27:	Reductive	amination	between	piperidine	and	3-fluorobenzaldehyde	followed	by	alkylation.	

















General	 Procedure	 2.5	was	 followed.	 Dimethylamine	 (2M,	 12.09	mmol,	 6	mL)	 reacted	with	 3-fluorobenzaldehyde	 (1.0	 g,	 8.057	mmol,	 0.85	mL)	 and	 sodium	 cyanoborohydride	(0.557	g,	8.86	mmol)	to	yield	2.34	as	a	yellow	oil.	A	portion	of	2.34	(0.4485	g,	2.93	mmol)	was	reacted	with	methyl	iodide	(0.623	g,	4.39	mmol,	0.27	mL)	to	yield	2.37	as	a	white	solid	(0.3434	g,	40%).	(2.37):	 1H	NMR	(400	MHz,	CD3OD,	δH)	7.63-7.56	 (m,	1H),	7.51-7.44	 (m,	2H),	7.39-7.32	(m,	1H),	4.70	(s,	2H),	3.22	(s,	9H);	13C	NMR	(100.6	MHz,	CD3OD,	δC)	165.34,	162.88,	132.33,	131.41,	130.15,	120.92,	120.70,	118.99,	118.78,	69.46,	53.54.			 	
F
H
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References:		1.	Ellman,	G.;	Courtney,	K.;	Andres,	V.;	Featherstone,	R.	Biochemical	Pharmacology,	
1961,	7,	88-95.		
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Appendix	A		
1H	NMR	and	13C	NMR	Spectra																						
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